A new species of frog in the genus Microhyla is described from Sumatra, Indonesia based on molecular and morphological characters. This new species was previously confused with M. achatina, a Javan endemic. This new species is diagnosable from its congeners by possessing a medium size (SVL in adult males 18.20-21.32 mm, in adult females 20.37-25.51 mm), a stout body, a nostrileyelid length being about half of the snout length, having a single outer palmar tubercle, a tibiotarsal articulation reaching the center of the eye (when the hindlimbs are stretched and adpressed to the body), having finger and toe tips dilated, having the dorsum with medial longitudinal grooves, and excibiting a very thin and short dark stripe on the temporal region above a wider cream stripe, extending from the postorbital area to insertion of forelimb. Additionally, the new species is characterized by possessing relatively little foot webbing. Uncorrected 16S rRNA sequence divergences between the new taxon and sequences for other congeneric species available ranged from 4.8 to 15.0%.
INTRODUCTION
Narrow-mouthed Frogs of the genus Microhyla Tschudi, 1838 are widely distributed from the Ryukyu Islands (Japan) to the Indian Subcontinent, and including the intermediate regions of Indochina, the Sunda Shelf and Philippine islands (Matsui et al., 2005; Frost, 2017) . The genus contains 41 species, six of them known to occur in Sumatra, M. achatina Tschudi, 1838; M. berdmorei (Blyth, 1856) ; M. fissipes Boulenger, 1884; M. heymonsi Vogt, 1911 , M. palmipes Boulenger, 1897 and M. superciliaris Parker, 1928 (Parker, 1934; Frost, 2017; Pradana, 2017) .
The type species of the genus is Microhyla achatina (Tschudi, 1838) . The name M.
achatina was previously applied to several populations from Myanmar; Peninsular Malaysia; Sumatra, Java, Bali, and the Philippines (van Kampen, 1923; McKay, 2006) . Then, molecular studies proved that the populations outside of Indonesia belonged to other species (Matsui et al., 2011 (Matsui et al., & 2013 Frost, 2017) and M. achatina was considered a Javanese endemic (Natus, 2005; Mckay, 2006) . Matsui et al. (2011) firstly examined specimens from Sumatra that are morphogically look alike to M. achatina from Java, and these were suspected to be different http://zoobank.org/urn:lsid:zoobank.org:pub:C9A1CFCB-D534-4398-B1F3-10F774F2880B from M. achatina, based on large genetic distances from the later (16S rRNA 5.5-6.6%), and referred to it as Microhyla sp. 3. In this study, we add more sample sized and analyze the taxonomic status of M. achatina Sumatra based on molecular and morphological data and describe it as a new species.
MATERIALS AND METHODS

Sampling design
We examined a total of 29 partial sequences of the consecutive mitochondrial DNA genes 12S and 16S rRNA of Microhyla cf. achatina from Sumatra and members of the M. achatina group of Matsui et al. (2011), M. berdmorei, M. fissipes, M. heymonsi, M. achatina (from Gede Pangrango, West Java; Ungaran and Pekalongan, Central Java), Microhyla sp. 3, M. orientalis, M. mantheyi, M. borneensis, and M. malang, and six outgroups (four congeneric [M. butleri, M. palmipes, M. perparva, and M. superciliaris] and Kalophrynus pleurostigma and Oreophryne monticola; see Table 1 ). Specimens collected are presented in Fig. 1 
University of Texas at Arlington (UTA).
Molecular analyses
The methods for DNA extraction, amplification and sequencing for the12S and 16S rRNA gene fragments are the same reported by Matsui et al. (2011 Matsui et al. ( , 2013 . DNA sequences were edited using the ChromasPro software (Technelysium Pty Ltd., Tewantin, Queensland, Australia). All sequences, including those from Genbank (Table 1) were aligned using Clustal W in MEGA 7 (Kumar et al., 2016) . Phylogenetic trees were constructed in Neighbour Joining (NJ), Maximum Likelihood (ML) and Bayesian Inference (BI) analyses. NJ analysis was conducted in MEGA 7 using p-distances and 1000 bootstrap replicates. Rate evolution models for ML and BI analyses were identified under the Akaike Information Criterion executed in Kakusan 4 (Tanabe, 2011) . BI analysis was conducted in Mr. Bayes ver. 3.1.2 (Ronquist & Huelsenbeck, 2003) , with a general time-reversible (GTR) model of DNA evolution and a gamma shape parameter (G). We ran the analysis for 6 million generations and sampled every 100 generations. The consensus tree was calculated after omitting the first 25% of the trees as burn-in. For ML analysis we used Treefinder ver. March 2011 (Jobb et al., 2004 ) with general time-reversible (GTR) and a gamma shape parameter (G). Tree nodes considered as strongly supported when having bootstrap values of 70% or more, for ML and NJ analyses (Hillis & Bull, 1993) . In BI analysis, nodes with BPPs higher than 95% were considered statistically significant (Leaché & Reeder, 2002) . We also calculated genetic distances of 16S rRNA gene using uncorrected p-distances with MEGA 7.
Morphology analysis
We examined specimens of Microhyla achatina stored in the Museum Zoologicum Bogoriense (MZB), Research Center for Biology-Indonesian Institute of Sciences (LIPI) and at the Amphibian and Reptile Diversity Research Center (ARDRC), University of Texas at Arlington (UTA) (Appendix 1). For comparisons, we also examined the type series of M. achatina (syntypes RMNH 1728) stored in the Naturalis Biodiversity Center (now merging the collections of the Rijksmuseum van Natuurlijke Historie, RMNH, and the Universiteit van Amsterdam, Zoologisch Museum, ZMA).
We measured 39 characters with a dial caliper to the nearest 0.01 mm. The following characters were taken (sometimes modified) from Matsui (1984 Matsui ( , 2013 : (1) In addition to morphometric analyses, we examined and scored several qualitative characters: snout shape, finger and toe tip shape, median longitudial groove dorsally on finger and toe tips, ventral color, lateral and dorsal body color, anal region color, temporal/ postorbital region and vertebral stripes, and dark stripe pattern of hind legs. We compared morphological data among populations of M. achatina from Java and Sumatra using a multivariate Principal Component Analysis log 10 transformed values (Thorpe, 1975) . In univariate analysis we used converted morphometric characters (ratio to SVL; R), checked the distribution data and compared using T-Test Independent analysis. Both analyses were conducted using IBM SPSS Statistic 22 (IBM corp., 2013) . We followed Savage & Heyer (1967) as modified by Myers and Duellman (1982) for the description of toe-webbing formula. 
RESULTS
We obtained 1693 bp of the 12S and 16S rRNA gene fragments for 29 samples, including outgroups. Of the 1693 nucleotide sites, 611 were variable and 443 were parsimoniously informative. The ML analysis produced a topology a high log likelihood of -9808.0088, a gamma shape parameter of 0.2071, and nucleotide frequencies of A=0.328, C=0.254, G=0.186, and T=0.232. The BI analysis had similar calculated nucleotide frequencies: A=0.348, C=0.244, G=0.171, T=0.236, and a gamma shape parameter, 0.2047.
All analyses produced the same topologies and only the ML tree is shown (Fig. 2) . Microhyla cf. achatina from Sumatra was recovered as sister to M. achatina from Java (supported clade NJ: 100%, ML: 99% and BI: 100%) and deeply nested with Microhyla sp. 3, genbank sequence from Matsui et al. (2011) (supported clade NJ: 98%, ML: 92% and BI: 99%).
Microhyla cf. achatina from 2 localities were divided into 2 subclades, Bengkulu (NJ: 100%, ML: 100% and BI: 100%) and Lampung (NJ: 100%, ML: 100% and BI: 100%). This species is a monophyletic group, and genetically distinct from other described Microhyla species.
Here we named Sumatran population (Microhyla cf. achatina) and Microhyla sp. 3 as Microhyla gadjahmadai sp. nov. (Fig. 2 ).
Eventhough Microhyla gadjahmadai sp. nov. formed a monophyletic clade with M. achatina but genetic distance is higher than threshold. The uncorrected p-distance (partial gene 16S rRNA) of M. gadjahmadai sp. nov. with other congeners ranged from 4.8-15.0%
(included its sister taxon), while intraspecific genetic distance from 2 localities (Lampung vs Bengkulu) ranged from 0-3.0% as shown between M. gadjahmadai sp. nov. and Microhyla sp. 3 (Table 2 ). The threshold for amphibian species delimitation in 16S rRNA has been suggested to be ≥ 3% by Fouquet et al. (2007) . Therefore M. gadjahmadai sp. nov. can be considered as a different species from other congeners.
In morphology analysis, we examined specimens of M. gadjahmadai sp. nov. and its sister taxon M. achatina. Based on PCA result, the two species were separated by first and second axes (Fig. 3 ) supported by cumulative percentage 70.52% from three first component.
In the univariate analysis, significant differences between two group were found: nostrileyelid length (N-EL) (P=0.007) and dark stripe at temporal/postorbital region (P=0.001).
Systematics
Microhyla gadjahmadai sp. nov. M. mantheyi 8.0-8.4 7.9-8.1 8.1 7.8 7.1 6.6 -8.
M. heymonsi 10.6-11.4 11.4-12.1 11.8-12.1 10.5 9.6 9.6 10.0 -
9.
M. fissipes 10.3-10.8 11.3-11.9 11.4-11.8 11.4 11.5 10.4 10.5 9.3 10.
M. berdmorei 9.9-11.1 11.8-12.3 11.9-12.4 12.9-13.5 12.4-13.0 12.0-12.8 12.4-12.9 12.6-13.1 12.6-13.3 2.5
11.
M. superciliaris 12.8-13.1 12.9-13.6 13.0-13.8 13.8 12.9 12.8 13.1 13.1 12.4 13.6-14.0 -
12.
M. butleri 13.4-13.9 14.3-14.7 14.4-14.6 13.8-13.9 13.1-13.3 13.9-14.1 14.4-14.6 14.9 13.6 13.9-15.1 11.9-12.1 0.5
13.
M. palmipes 13.9-14.1 13.5-13.9 13.6-13.9 13.9 13.6 14.6 14.0 14.3 12.0 14.4-14.9 11.5 12.5-12.8 -
14.
M. perparva 14.5-14. 
Etymology. The specific epithet honor s the militar y leader and her o Gadjah
Mada, who in the fourteenth century unified the whole of the Nusantara (i.e., Malay Archipelago) under the Javanese rule of the Hindu Majapahit Empire.
Diagnosis.
The new species is assigned to M icrohyla because of having a small size (SVL < 30 mm), narrow head and mouth, tympanum hidden by skin, maxillary and vomerine teeth absent, and a reduced first finger length (Tschudi, 1838 , Malkmus et al., 2002 . Microhyla gadjahmadai sp. nov. is diagnosable from its congeners by having a medium size (for Microhyla, SVL adult males 18.2-21.3 mm, adult females 20.4-25.5 mm), stout body, a nostril-eyelid length of half the length of the snout, a single outer palmar tubercle, the tibiotarsal articulation reaching the center of eye, finger and toe tips dilated, median longitudinal grooves on dorsum, relatively reduced toe webbing (free of webbing: one and three quarter phalanges on outer surface of second toe, three phalanges on inner and outer surface of third toe, four phalanges on inner and outer surfaces of fourth toe, and two and three quarter phalanges on inner surface of fifth toe), and a thin-short dark temporal stripe over a wider cream stripe, extending from postorbital area to insertion of forelimb.
Description of holotype (measurements in mm)
. SVL 20.6; habitus stout; head as wide as long (5.8 vs 5.9); snout dorsally rounded; eye (2.0) shorter than snout (3.3), slightly longer than nostril to eyelid length (1.8); lore sloping and slightly convex; nostril distinct in lateral view, located below canthus rostralis, closer to tip of the snout (1.6) than to eye (1.8);
interorbital distance (2.7) wider than internarial distance (2.2), and twice upper eyelid (1.1); tympanum hidden; supratympanic fold visible, extending from posterior corner of eye to forelimb insertion; vocal slits and vocal sacs present; dorsum and anal region with low tubercles; abdomen and inner surface of thigh smooth. Coloration. In life, dor sum light br own; cr eam ver tebr al line fr om snout to anal region, wider at snout tip; region from snout to mid supraorbital region cream; iris bright gold with faint black reticulation; a thin-short dark temporal stripe over a wider cream stripe, extending from postorbital area to insertion of forelimb; body dorsum with brown mark, bordered by a cream line, extending from between orbits to iliac area, laterally extending to cover posterior half of supraorbital area and suprascapular region, and extending posterolaterally from middorsum towards groin and from midsacral area towards waist; dark sepia lateral band extending from above arm to half length of flank, darker and boldly edged above, fading towards venter; two inconspicuous and thin dark bars on hindlimb, over thiegh and leg; throat dark brown, with some cream peppering; chest white-cream; abdomen, inguinal area, and proximal ventral region of limbs transluscent pink (Fig. 4A) . In preservative, pattern did not change dramatically, only becaming darker (Figs. 5-6 ).
Variation. See Table 3 for mor phometr ic data fr om 18 male and six female adults. Half of the examined specimens are darkly pigmented from throat to pectoral and the rest have same pattern with holotype. Stripe at lateral body: nine specimens with a stripe extends from above arm to groin and the rest to mid body. Dark bars on limbs: mostly with two clear dark bars and some specimens with one or two addition faded dark bars. Webbing formula was stable for the outer and inner side of fourth toe with four phalanges free, but slight variations are recognized in other positions e.g., in a female paratype (MZB Amph 16326), one half phalanges free on first toe, while male holotype (MZB Amph 26081) has two free phalanges. This variation is not consistent based on sex. Although in the same clade, Microhyla sp. 3 and M. achatina had large genetic distance (5.5-6.6%) . In accordance with phylogenetic tree of Matsui et al. (2011), our analyses resolved the taxonomic status of Microhyla sp 3. and we here described it as Microhyla gadjahmadai sp. nov. This species is a sister taxon to M. achatina with uncorrected Table   3 . Sumatra had been explored for its amphibian diversities for long decades, but new species are continuously discovered from this Island until now. At least two new endemic genera (Sigalegalephrynus and Sumaterana) and 14 species of frogs have been described from this island in the last five years (Matsui et al., 2014; Riyanto & Kurniati, 2014; Streicher et al., 2014; Hamidy & Kurniati, 2015; Smart et al., 2017; Wostl et al., 2017; Arifin et al., 2018a Arifin et al., & 2018b Munir et al., 2018) . The finding of Microhyla gadjahmadai sp. nov. has contributed to increase the number of amphibian species in Sumatra to 95.45% of which (42 species) are endemic to the Island. The unique geological formation of Bukit Barisan
Mountains may have a causal relationship with speciation and endemism across the region (Hamidy & Kurniati, 2015) .
Over the two decades (from 1990-2010) , tropical rain forest decreases by 40% in Sumatra Island (Margono et al., 2012) . The species undergo climate change, habitat destruction (loss, degradation, and fragmentation) and resulting extinction of the species.
Furthermore, the right conservation management plans are needed to improve the protection of habitat and species that have been or have not been described. 
